Background Proximal humeral fractures are mainly associated with osteoporosis and are becoming more common with the aging of our society. The best surgical approach for internal fixation of displaced proximal humeral fractures is still being debated. Questions/purposes In this prospective randomized study, we aimed to investigate whether the deltoid-split approach is superior to the deltopectoral approach with regard to (1) complication rate; (2) shoulder function (Constant score); and (3) pain (visual analog scale [VAS]) for internal fixation of displaced humeral fractures with a polyaxial locking plate.
Abstract
Background Proximal humeral fractures are mainly associated with osteoporosis and are becoming more common with the aging of our society. The best surgical approach for internal fixation of displaced proximal humeral fractures is still being debated. Questions/purposes In this prospective randomized study, we aimed to investigate whether the deltoid-split approach is superior to the deltopectoral approach with regard to (1) complication rate; (2) shoulder function (Constant score); and (3) pain (visual analog scale [VAS]) for internal fixation of displaced humeral fractures with a polyaxial locking plate.
Methods We randomized 120 patients with proximal humeral fractures to receive one of these two approaches (60 patients for each approach). We prospectively documented demographic and perioperative data (sex, age, fracture type, hospital stay, operation time, and fluoroscopy time) as well as complications. Followup examinations were conducted at 6 weeks, 6 months, and 12 months postoperatively, including radiological and clinical evaluations (Constant score, activities of daily living, and pain [VAS] ). Baseline and perioperative data were comparable for both approaches. The sample size was chosen to provide 80% power, but it reached only 68% as a result of the loss of followups to detect a 10-point difference on the Constant score, which we considered the minimum clinically important difference. Results Complications or reoperations between the approaches were not different. Eight patients in the deltoid-split group (14%) needed surgical revisions compared with seven patients in the deltopectoral group (13%; p = 1.00). Deltoid-split and deltopectoral approaches showed similar Constant scores 12 months postoperatively (Deltoid-split 81; 95% confidence interval [CI], 74-87 versus deltopectoral 73; 95% CI, 64-81; p = 0.13), and there were no differences between the groups in terms of pain at 1 year (deltoid-split 1.8; 95% CI, 1.2-1.4 versus deltopectoral 2.5; 95% CI, 1.7-3.2; p = 0.14). No learning-curve effects were noted; fluoroscopy use during surgery and function and pain scores during followups were similar among the first 30 patients and the next 30 patients treated in each group. Conclusions The treatment of proximal humeral fractures with a polyaxial locking plate is reliable using both approaches. For a definitive recommendation for one of these approaches, further studies with appropriate sample size are necessary.
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Introduction
Fractures of the proximal humerus are usually attributable to osteoporosis [21] and are mostly caused by low-energy trauma [5] . In Germany, there has been an increased incidence of proximal humeral fractures over the last several years with approximately 60,000 fractures in 2010 [6] . As incidence increases worldwide, further increased incidence for proximal humeral fractures can be expected as a result of an aging society [12] .
For displaced fractures that meet surgical indications, the traditional deltopectoral approach is the most common approach for plate fixation of proximal humeral fractures. However, some authors have argued that this approach involves extensive soft tissue dissection and muscle retraction to gain adequate exposure to the lateral aspect of the humerus [9] . As an alternative, a less invasive, deltoid-Assessed for eligibility (n = 208) Excluded (n = 88) ♦ Not meeting inclusion criteria (n = 22) ♦ Joint replacement was planned (n = 27) ♦ Fixation with a longer plate was planned (n =11) ♦ Declined to participate (n = 28) Analyzed (n = 48) ♦ Excluded from analysis − secondary prosthesis (n = 5) − Lost to followup (n = 5) 1 patient died during followup 4 patients were not reachable Allocated (n = 60) ♦ Received allocated intervention (n = 58) ♦ Did not receive allocated intervention (primary prosthesis) (n = 2)
Lost to followup (n = 8) 3 patients died during followup 5 patients were not reachable Allocated (n = 60) ♦ Received allocated intervention (n = 56) ♦ Did not receive allocated intervention (primary prosthesis) (n = 4)
Analyzed (n = 42) ♦ Excluded from analysis − secondary prosthesis (n = 2) − enlarged deltopectoral approach during revision surgery (n = 4)
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enlarged deltoid-split approach during revision surgery (n = 0) Fig. 1 The flowchart for patient selection is shown.
Volume 472, Number 5, May 2014 Approaches for Shoulder Fractures 1577 split approach has been described with the goal of minimizing local soft tissue trauma. Early results with this approach have been shared [16, 18] , although only a few nonrandomized trials have compared the two approaches [11, 17, 22] . In light of the deficiencies in the existing evidence base, we initiated a randomized controlled trial.
We hypothesized that open reduction and internal fixation of proximal humeral fractures with a polyaxial locking plate using a less invasive, deltoid-split approach would be superior to the deltopectoral approach with regard to complication rate, shoulder function, and pain.
Patients and Methods
Patients
Institutional review board approval by the ethics committee of the University of Marburg was obtained (AZ 50/12) in advance of this randomized controlled trial. We considered for inclusion those patients with displaced proximal humeral fractures who were treated surgically in our university hospital between December 2009 and November 2011, and 208 such patients were identified. Patients with any of the following were excluded: undisplaced fractures, age younger than 18 years, glenohumeral dislocation, concomitant ipsilateral fractures of the arm or forearm, malignancy-related fractures, and having multiple trauma.
Twenty-two patients were excluded by the previously mentioned criteria; in 27 patients implantation of a prosthesis was planned, 11 patients were planned to receive a longer plate, and 28 declined participation, leaving 120 patients included in this single-center prospective randomized trial ( Fig. 1 ).
All patients gave their written informed consent for study participation.
With the use of a block randomization stratified by type of fracture (two-part fractures versus three-and fourpart fractures), patients were randomized to either the deltoid-split or the deltopectoral approach. Presealed randomization envelopes were given by the study staff to the attending surgeon before surgery. Sixty patients were allocated to each group. Seven patients in the deltoid-split group and six patients in the deltopectoral group required arthroplasty (p = 1.000). In two cases in the deltoid-split group and in four cases in the deltopectoral group, the surgeon decided intraoperatively to perform a primary arthroplasty instead of internal fixation because the fracture could not be reliably fixed with a plate (p = 0.679). In seven patients (five deltoid-split versus two deltopectoral; p = 0.439; Fig. 1 ), a secondary prosthesis was necessary.
At 1-year followup, 48 (80%) patients in the deltoidsplit group and 42 (70%) patients in the deltopectoral group were available for analysis ( Fig. 1 ).
Implant
All patients received a plate osteosynthesis with the noncontact bridging plate for the proximal humerus (NCB-PH; Zimmer, Warsaw, IN, USA). In addition to the plate, a cable wire was used to fix the greater tuberosity in threeand four-part fractures.
Surgical Approaches and Techniques
Three senior surgeons (RZ, SR, CK), who were trained in both techniques, operated on the patients in a beachchair position for both groups. The affected arm was draped to allow free motion intraoperatively. All patients received a single-shot antibiotic dose with either cephalosporin (1.5 g cefuroxime IV) or a gyrase inhibitor (a 500 mg levofloxacin IV) in the case of a contraindication intraoperatively.
The image intensifier was fixed during the whole operation attached to the patient's head at a 45°angulation (Fig. 2) . That allowed an AP view of the affected shoulder. By movement of the patient's arm into a 90°internal rotation, a lateral view was possible. 
Deltoid-split Approach
This approach consists of the anterolateral 3-cm deltoid split ( Fig. 3A) and two small incisions for the three locking screws in the diaphysis of the humerus.
The step-by-step explanation of the surgical technique was previously described by our working group [18] .
Deltopectoral Approach
In contrast to the deltoid-split group, for the deltopectoral group, the fracture was exposed through a classical anterior approach (Fig. 3C ) as described before [11] . Therefore, the 10-to 12-cm incision began at the tip of the coracoid process and ran medially in the direction of the deltoid muscle.
The rest of the surgical techniques applied did not differ between the two groups. In both groups before the plate was inserted, we fixed the rotator cuff with a cable wire. With this technique, we could manipulate the humeral head, which is helpful during reduction in some fracture types. After reduction and fixation of the fracture with the plate, we fixed the cable wire through the plate and therefore achieved fixation of the greater tuberosity.
Arthroplasty
If an adequate reduction and fixation of the fracture could not be achieved intraoperatively, primary joint arthroplasty was indicated. In addition, in cases of implant loosening in the head region, the indication was set for secondary arthroplasty, because a renewed attempt for internal fixation did not appear promising. Therefore, the existing deltopectoral approach was used or the deltoid-split was enlarged. Therefore, the skin incision was enlarged distally and medially by 7 cm. The fibers of the deltoid muscle were closed and the space between the deltoid and pectoralis major was opened to implant the prosthesis.
Postoperative Rehabilitation
Postoperative rehabilitation was the same in both groups. The operated shoulder was immobilized for the first 2 days after surgery. Then, early passive and limited active motion was initiated. In cases of fractures of the greater tuberosity (eg, in three-and four-part fractures), only limited assisted abduction up to 90°was allowed for the first 6 weeks after surgery.
Data
Baseline Data
Demographic data were collected (sex, age, and fracture type) for all patients. All fractures were classified using the preoperatively performed radiographs according to the Neer system [15] .
Perioperative Data
All data pertaining to the hospital course (length of stay, operative time, and fluoroscopy time) as well as complications were recorded based on prospective documentation sheets.
Followup Examinations
Standardized followup examinations were performed at 6 weeks, 6 months, and 12 months after surgery by the same independent observer Benjamin Bockmann. He was a student and not blinded but had extensive experience in the examination of patients because he was involved in previous studies of our working group.
Evaluation of Shoulder Function
Shoulder function was measured with range of shoulder motion and the Constant-Murley score [4] . The results of the Constant score were normalized according to the Constant correction [3] . Patients were asked about their pain in the affected shoulder according to the visual analog scale (VAS) (0 = no pain at all to 10 = intolerable pain). Activities of daily living (ADL) were recorded according to the ADL score in line with Lawton and Brody [14] .
Radiographic Evaluation
Radiographic evaluation in two planes was obtained on the second day, at 6 weeks, and at 6 and 12 months after surgery. Additionally, radiographs were taken in cases of shoulder pain or constraint shoulder function.
Statistics
In preparation for the study, we performed a statistical power analysis. A difference of 10 points in the Constant score concerning patients' function was considered to be the minimal clinically important difference. With a power of 80% and an alpha of 0.05, the power analysis demonstrated a sample size of 51 patients per group was needed.
Assuming that there would be a dropout rate of 20%, we calculated a sample size of 60 patients for each group. Data were collected in an Excel 2007 database (Microsoft Corporation, Redmond, WA, USA). For statistical analysis, GraphPad Prism 5 (Version 5.03; GraphPad Software Inc, La Jolla, CA, USA) was used.
For the baseline data, we performed descriptive statistics and explorative data analysis. Patients who received an arthoplasty were not considered in the followup and further analysis. Frequencies for dichotomous variables and the means and confidence intervals for continuous variables were determined. Fisher's exact test was performed to determine differences in the occurrence of surgical revisions and implant removal. Metric variables that showed normal distribution in the Kolmogorov-Smirnov test were analyzed by the t-test. Variables that were not normal distributed differences between the two groups of patients were determined with the Mann-Whitney U test. We performed a log-rank test and made a Kaplan-Meier curve for the survivorship of the implant. Survivorship was defined as any kind of surgical revision, except implant removal. A p value \ 0.05 was set as statistically significant.
Finally, we evaluated if there were any difference between the first 30 patients in both groups with respect to fluoroscopy use during surgery and function and pain scores during followup to detect a possible learning curve.
Baseline and Perioperative Data
The patients in both groups were comparable with respect to the distribution of age and sex (Table 1 ). According to the Neer classification [15] , 15 patients in each group had a two-part fracture and 45 had a three-to four-part fracture. The mean age of patients lost to followup was not significantly different with 70 years for the deltoid-split group (p = 0.83) and 72 years for the deltopectoral group (p = 0.38); as well, the incidence of two-part (zero versus three) or three-and four-part (five versus five) fractures was comparable for patients who appeared at followup. For all groups, we did not find any differences in duration of hospital stay and the time for the operation. Nevertheless, there was a tendency toward longer times for fluoroscopy in the deltoid-split group (2.0 versus deltopectoral 1.6 minutes; p = 0.07; Table 1 ).
Each surgeon operated on similar numbers of patients using both approaches within this study (surgeon 1: 33 versus 31; surgeon 2: 14 versus 17; surgeon 3: 13 versus 12; p = 0.822).
During the period of investigation, we had some dropouts. Six patients received a primary prosthesis, whereas seven patients received a secondary prosthesis. Four patients died during the followup period, and nine patients were not reachable for the followup investigations. Finally, four patients in the deltopectoral group were excluded from followups, because they had received an enlarged deltopectoral approach during revision surgery that was not comparable with the deltoid-split approach. There were no differences between both approaches with respect to the dropouts (Fig. 1) .
Results
Complications
There were no differences in the frequency of complications between the two study groups. Eight patients in the deltoid-split group (14%) and seven patients in the deltopectoral group (13%, p = 1.000) had complications that required operative revision ( Table 2 ). All complications occurred during the first 2 months postoperatively. In one patient, for example, loosening of the implant in the head region requires revision with a prosthesis (Fig. 4A-D) . In this patient, a deltoid-split approach was used. Radiographs immediately after surgery showed inadequate reduction of the fracture and disrupted medial hinge (Fig. 4B) . The other patients showed radiological consolidation of the fracture (Fig. 4E-F) . The log-rank test showed no differences with regard to the survival of the implant between the two approaches (p = 0.847; Fig. 5 ).
At 1 year postoperatively, we did not see any humeral head necrosis in either group.
No damage of the axillary nerve was detected on clinical neurological examination.
In two patients (one of each group), an implant failure resulting from a fall on the shoulder and uncontrolled movements based on a postsurgical delirium made revision necessary. One patient received a prosthesis, whereas the second patient received a reosteosynthesis with a longer plate. After consolidation of the fracture in 17 patients (nine deltoidsplit [16%], eight deltopectoral [14%]; p = 1.000), the implant was removed as a result of the wish of the patients. These procedures were not documented as complications.
Function
No differences were seen in functional scores between the groups at any time point. In both approaches, the Constant score 6 weeks after surgery was comparable for all fracture types and improved over time (Table 3) . At the 12-month followup, no differences were identified between the two approaches. The average Constant score came to 81 (95% confidence interval [CI], 74-87) points for the deltoid split group and 73 (95% CI, 64-81) points for the deltopectoral group (p = 0.13) ( Table 3) . The ADLs at 6 weeks postoperatively were similar and increased for all groups over time ( Table 4 ). The average ADL reached 18 (95% CI, [17] [18] [19] [20] for the deltoid-split and 17 (95% CI, [14] [15] [16] [17] [18] [19] for the deltopectoral group 12 month after operation (p = 0.31).
Pain
No differences between groups in terms of pain were observed at any time point. During their hospital stay, the patients showed comparable pain on the VAS with respect to surgical approach (deltoid-split 4.7; 95% CI, 4.2-5.2 versus deltopectoral 4.4; 95% CI, 3.9-5.0; p = 0.44). Pain decreased during the followup period for all groups (Table 5) . Again, at 1 year postoperatively, the mean pain score on VAS was not different between the groups (deltoid-split 1.8; 95% CI, 1.2-1.4 versus deltopectoral 2.5; 95% CI, 1.7-3.2; p = 0.14).
Effect of the Surgical Experience
We observed no differences that we could attribute to the learning curve over the course of this study. Operative time and time of fluoroscopy were similar for patients enrolled early in the study in comparison to patients enrolled late in the study. The Constant score for the first 30 patients in the deltoid split group was 80 (95% CI, 69-90) points, comparable to the last 30 patients with a mean Constant score of 82 (95% CI, 73-90) points (p = 0.76). Likewise, patients in the deltopectoral group showed, 12 months postoperatively, a similar Constant score for the early 30 patients compared with the last 30 patients (early 74 (95% CI, 60-88) versus late 71 (95% CI, 60-82), p = 0.74; Table 3 ). Pain scores at 12 months were no different between the first 30 patients and the second 30 in each group.
Discussion
Proximal humerus fractures are common, and the evidence base comparing the available surgical approaches does not include randomized trials [11, 17, 22] . This prospective randomized study was performed to evaluate the clinical outcomes after osteosynthesis of proximal humeral fractures with a polyaxial locking plate using either the less invasive, deltoid-split approach or the deltopectoral approach, specifically evaluating for differences in complication rate, function, and pain.
Our study has several further limitations. First is the limited number of patients. The power analysis was based on the Constant score, and with the numbers available, we had 68% power to detect a difference in that parameter, but the patient sample might be too small to detect modest differences in the remaining parameters. The second limitation is the followup rate of 75%; it is possible that some of those patients were treated elsewhere for complications. However, there was no differential loss to followup between the study groups, and so this tends to offset this limitation somewhat. Finally and unfortunately, we did not have any followup data from patients who received a primary arthroplasty. For this reason, we were not able to perform an intention-to-treat analysis. This is a limitation; however, we believe that the decision for a joint replacement was based on the fracture pattern and not on the surgical approach. We found no difference between both approaches with respect to the total complication rate. Although not statistically significant, we found a different distribution of complications between the deltoid split and the deltopectoral ( Table 2 ). All complications in the deltoid-split group affected the head region, whereas the majority of complications in the deltopectoral group was loosening of the plate in the shaft region. This may indicate that adequate reduction and fixation of the fracture is more difficult through the small incision of the deltoid-split approach. For example, in the illustrated case of fixation failure (Fig. 4C-F) , inadequate reduction of the fracture was probably the main reason for this complication. Fixation on the shaft, however, might be easier with this less invasive approach. On the other hand, in a small nonrandomized study, Wu et al. found no radiological differences with respect to reduction of the fracture postoperatively and the head displacement during followup [22] . Röderer et al. found higher incidences of intraarticular screw perforation (deltoid-split 17.0% versus deltopectoral 12.8%) but lower rates of proximal screw loosening (deltoid-split 1.9% versus deltopectoral 1.3%) as compared with our results without differences between the different approaches [17] . Finally, Hepp et al. found also the same complication rates with both approaches. By contrast to our results, they did not find loosening of the plate in the shaft either using the deltoid-split or the deltopectoral approach [11] . As mentioned, maybe in a larger collective of patients, significant differences could be revealed. The overall rate for complications after internal fixation of proximal humeral head fractures is documented in the actual literature as between 10% and 34% [1, 2, 7, 8, 11, 13, 17, 19, 20, 22] . The small rate of complications in our study (14% deltoid split; 13% deltopectoral) may be explained by the fact that three experienced surgeons performed the osteosynthesis. Our previous study about the surgical technique for the less invasive approach showed 16.3% complications; the rate of complications seems to be highly associated with the experience of the surgeon [18] . This assumption is underlined by the fact that patients enrolled early in this study showed comparable clinical outcomes compared with patients enrolled late in this study (Table 3) . Fortunately, in contrast to other studies that found an incidence of avascular necrosis of 4% to 5% 12 month after surgery [11, 17, 22] , we did not observe any case with this complication. Although for the reason that avascular necrosis often occurs later, further evaluation is necessary to make a final statement about the incidence of avascular necrosis in our study population. The risk of damaging the axillary nerve in less invasive surgery is a frequently discussed and feared problem [10] . To protect the axillary nerve, we indicated the nerve with the index finger in the subdeltoid bursa and its course was marked on the skin. Additionally, we used a five-hole plate that was inserted with its tip contacting the bone, and we fixed screws in the three distal holes, far away from the axillary nerve [18] . A similar technique is described by Acklin et al. [1] ; like us, they saw no injury to the axillary nerve in clinical observation.
Shoulder function 1 year postoperatively was comparable between groups and comparable to other studies. Acklin et al. [1] reported 18 months after minimally invasive surgery a mean Constant score of 75 points. Voigt et al. [20] showed comparable outcomes for polyaxial locking plates (Constant score 73 points) and monoaxial locking plates (Constant score 81 points) by using the deltopectoral approach. An additional nonrandomized multicenter study also investigated clinical outcomes for the deltoid-split and deltopectoral approaches. That study found 12 months postoperatively a significantly better Constant score for the deltopectoral approach (deltopectoral 81 points versus deltoid-split 73 points) [11] . In contrast, Wu et al. [22] found similar results 12 months after surgery for both approaches (deltopectoral 77 points versus deltoid-split 78 points). In our study, the mean Constant scores for both groups were similar (Table 3) .
We did not find a difference in the average pain score between patient groups during the followup period (Table 4 ). By contrast, Hepp et al. found less pain after the deltoid-split approach compared with the deltopectoral approach 3 months after surgery, although in this study the difference was no longer evident during subsequent followup points [11] . Similar results with less pain in the deltoid split group at discharge were found by Röderer et al. [17] . In our opinion, a long-term effect on pain scores resulting from the less invasive approach could not be expected, but similar to these previous findings, we did suppose a benefit in terms of pain in the first postsurgical month. Explanations for the different findings between studies could be differences in pain assessment as compared with Hepp et al. and that we performed a randomized controlled trial, whereas others compared the results of the different approaches between different hospitals. For example, Röderer et al. found a longer operation time in the delotpectoral group that might indicate more complex fracture types and therefore poses a bias [17] .
We found that proximal humeral fractures can be effectively treated with a polyaxial locking plate through either the deltoid-split or the deltopectoral approach. Based on our result, a definitive recommendation for one of these approaches cannot be given. For clarity, further studies with appropriate sample sizes are necessary.
